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ABSTRACT

THE EFFECT OF FOOT-REST POSITION ON THE STRENGTH
OF HORIZONTAL PULL BY THE HAND

OBJECT

To determine the effect of foot-rest position on the strength of
horizontal pull by the hand at four different elbow angles.

RESULTS AND CONCLUSIONS

At all elbow-angles the strength of hand pull increased as the
thigh was elevated above the horizontal or as the leg was straightened.
The effect of foot-rest position on output increased as the arm was
straightened. The knee-angle exerted a greater effect on the strength
of the hand movement than did the thigh-angle.

The results were in agreement with the hypothesis that the
strength of hand pull is greatest when the legs are in the position at
which they can exert the greatest force against the foot-rest. The
force developed by the legs tends to counteract the force exerted by
the hand and thus limits the strength of hand pull.

RE COMMENDATIONS

In order to maximize the strength of horizontal pull by the hand,
the foot-rest should be in such a position as to produce a thigh-angle

of approximately 20' above the horizontal and a knee-angle of approxi-
mately 1500. The foot- rest position is important even at comparatively

low output levels.
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0
THE EFFECT OF FOOT-REST POSITION ON THE STRENGTH

OF HORIZONTAL PULL BY THE HAND

I. INTRODUCTION

Hooton (6), Akerblom (1), and others have devoted considerable
attention to the task of determining the desirable characteristics of
seats for resting persons, or for those engaged in sedentary tasks.
Comparatively little attention, however, has been given to the problem
of determining the best seating for those engaged in tasks which require
the application of large forces to various controls. Proper design of
the operator's supporting structure possibly can do as much to improve
the mechanical efficiency of the body and to reduce fatigue as can the
proper placement of controls. When large forces are applied to a con-
trol, and especially when the body is poorly supported, the body must
work as a whole to counteract the control force. Many of the muscular
forces developed do not contribute directly to the control force, but
rather they are required to support the action of the prime movers.
The efficiency of the operator may be increased greatly by improving
seat design, and thereby reducing the work load on the accessory
muscles. Clark says:

"In certain types of manipulations involving the use of machinery,
it may occasionally be found that almost as much muscular energy
is being expended in resisting unnecessary movements by static
muscular work, as in the dynamic muscular work required for
the actual operation of the machine. The reduction of unnecessary
static work of this sort can often be achieved by supports of one
sort or another, adjusted in position to the body dimensions of
the worker." (4, p 8)

In a recent study, the author demonstrated that the degree of
stabilization of the shoulder influenced the strength of horizontal push
by the hand. It was found that as the height of the back-rest was in-
creased the strength of the movement increased. It is obvious that a
body member can exert no more force on a control than can be counter-
acted by the body, and the force which can be counteracted is dependent
upon certain supporting structure characteristics- -the height and angle
of the back-rest, the position of the foot-rest, etc. Rees and Graham
(9) found that the maximum force which could be applied to a foot-pedal

was dependent upon the back-rest position. In Hugh-Jones' (7) analysis
of the forces of arm and leg extension the importance of the back-rest
is obvious, since the limb acts as a mechanical toggle between the. control and back-rest.



When pulling horizontally on a handle there is no physical structure
against which the operator can directly brace his shoulder to oppose the
forces developed by the arm. Unless the operator is wearing a shoulder-

harness, the only way he can resist pulling himself out of his seat during
heavy exertion is to produce the necessary counter-force by pushing
against the foot-rest. Hugh-Jones found that the force exertable against

a foot-pedal was greatly influenced by pedal position. In general, he
found an increase in output as the angle of the thigh above the horizontal

was increased, and as the leg was straightened up to a "limiting angle"

of about 1600. Also, Rees and Graham reported that the strength of
push was better at the high than at the low pedal position.

The purpose of the present investigation was to determine the effect

of foot-rest position on the strength of horizontal pull by the hand. It
was hypothesized that the strength of pull by the hand would increase

both as the thigh was elevated above the horizontal, and as the leg was

straightened. That is, the strength of pull should be greatest at those
foot-rest positions found to be most favorable for exerting force on a
foot-pedal. As the force applicable to the foot-rest increases, a greater
stabilizing force is developed, and an increased hand pull can be de-
veloped. The effect of foot-rest position on the strength of hand pull
should increase as the arm is straightened, for it has been shown by
Hunsicker (8), Hugh-Jones (7), and Caldwell (2) that an increase in elbow

angle up to 180 ° results in an increased strength of pull. Thus, as the
subject's output increases, and a greater demand is placed on the legs
to stabilize the body, the foot-rest position should have an increasing
effect on the force of the hand movement.

II. EXPERIMENTAL

A. Apparatus

The apparatus consists of an isometric dynamometer handle,

a display, an adjustable seat and back-rest, and an adjustable foot-rest.
The handle and seat have been described in detail in a previous report
(3). The handle is mounted on a ball which is secured to a steel bar on

which strain gages are mounted. The swivel-mounting insures that the
subject will exert pressure on the ball, for if the hand is positioned too
high or too low the handle will swivel when force is applied to it. This

insures that all subjects will grasp the handle and exert pressure on it
in an identical manner. Four strain gages, which are wired as a Wheat-
stone Bridge, are mounted on the steel bar below the handle. A display
which is simply a voltmeter in parallel with the oscillograph has a scale
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S
marked in pounds. The handle was calibrated against known forces so

that the pen deflections of the oscillograph could be read in pounds of

force. During this calibration the readings of the voltmeter were re-

corded and from these data the display scale was constructed. The

display enables the subject to determine how much force he is applying

to the handle. It has been found in previous work that this display, which

provides the subject with continuous information about his performance,

tends to increase and stabilize his output.

The seat has vertical, lateral, and fore and aft adjustments

which make it possible to place all subjects, regardless of size, in an

identical position with respect to the handle. The back-rest is a 1Z

inch by 4 inch pad of sponge rubber backed by a metal plate slightly

bowed to fit the curvature of the back. The seat is covered with a 1/4

inch pad of felt impregnated with liquid latex. The output of the strain

gages mounted on the handle was amplified by a Brush Universal Strain

Amplifier and recorded on a two-channel, ink-writing Brush oscillograph.

The foot-rests are 6 inch by 12 inch steel plates covered with a sheet of
hard, corrugated rubber. The distance between the centers of the plates

is 12 inches. The plates are free to pivot on a horizontal shaft so that

* whatever the position of the legs, the subject can select the most comfort-

able ankle position for exerting pressure on the foot-rest. The foot-rest

distance can be varied from approximately 21 inches to 40 inches from

the hip-joint and from 2 inches above the seat to 16 inches below the seat.

B. Subjects

The eleven subjects used in this experiment were obtained

primarily on the basis of availability. No attempt was made to select

subjects of average or extreme sizes or physiques. The subjects re-
ported no abnormalities or injuries which would seem to interfere with

the performance of the assigned task. The weights of the subjects ranged

from 143 to 194 pounds with a mean of 168 pounds, and their heights

ranged from 66 inches to 74 inches with a mean of 70. 2 inches.

C. Procedure

On the first day the experimenter measured the arms and legs

of the subjects to determine the settings of the dynamometer handle and

foot-rest which would produce the necessary elbow-angles and thigh- and

knee-angles. Also, the proper seat position was determined for each

subject. This required the determination of the seat height which

* would put the center. of the subject's shoulder joint at the height of
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the center of the handle, and the fore- and aft-position which would place
his shoulder directly under a plumb-bob which marked the zero point of
the scale along which the handle is adjusted. The lateral adjustment was
not determined because it has been found that the slight differences in
the horizontal angle of the handle with respect to the shoulder introduced
by differences in shoulder width would have no appreciable effect on the
strength of the pull movement. The seat adjustments enable the experi-
menter to place all subjects in the same position with respect to the
handle. The seat position was recorded for each subject and used on
all subsequent days of testing.

On the second day the handle was set at the four distances
computed to produce the necessary elbow-angles for each subject, and
the angles were checked by means of a protractor-type goniometer. On
all subsequent days of testing these handle settings were used to elimi-
nate the necessity of repeatedly checking the angles. From the two
measurements of the leg -- the femoral length, and the length of the line
from the knee-joint to the floor -- the foot-rest positions required to
produce the various thigh- andknee-angles were determined. The subject
was correctly positioned in the seat, the foot-rest was set at the nine
selected positions and the leg angles were checked with the goniometer.
Thereafter, the foot-rest could be set at the pre-determined heights and S
distances from the seat to produce the desired leg-angles for each
subject.

Three thigh-angles (00, 100, and 20) were combined factori-
ally with three knee-angles (1100, 130', and 150 ° ) to produce the nine
foot-rest positions. At each of these positions the strength of horizontal
hand pull was measured at elbow-angles of 600, 950, 1300, and 1650.
Thus, there was a total of 36 experimental conditions under which each
subject was tested. The sequence of conditions for each subject was
determined in a random manner. Each subject received four trials per
day for a total of nine days. Two trials were given in the morning and
two were given in the afternoon. There was always at least a three
hour interval between the morning and afternoon tests. Each trial lasted
for seven seconds. The subject was instructed to build up to his peak
output in two or three seconds and to keep trying to increase his score
to the end of the trial. This was done to eliminate the common tendency
to "slam" the handle and thus to produce artifically high outputs. The
score for a trial was the peak output recorded during the last five
seconds of the trial. A five-minute rest period was given between trials.
This rest period duration was more than adequate to allow for the dis-
sipation of any fatigue produced during the brief trial.
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Prior to the actual testing the subjects were given practice in
pulling on the dynamometer handle. They were told to grasp the handle
in such a manner as to keep it from swiveling when large forces were
applied to it, and to pull straight back along the line connecting the handle
and shoulder-joint. The subjects were cautioned against throwing the
shoulder out of position when applying force to the handle. A guide was
placed against the shoulder when the subject was correctly positioned in
the apparatus and he was instructed to maintain light contact with the
guide during the trial. The subjects reported that this requirement did
not seem to make the response unnatural. This is supported by the fact
that only two trials had to be repeated because of extreme shoulder
movement.

III. RESULTS

The results of the study are shown in Table 1, and the analysis of
variance of these data is presented in Table 2, page 6. It should be noted

TABLE 1

MEAN STRENGTH OF THE PULL MOVEMENT IN POUNDS AT THE NINE
FOOT-REST POSITIONS FOR THE FOUR ELBOW-ANGLES

*THIGH ANGLE

00 100 200
Knee Angle Knee Angle Knee Angle

Elbow
Angle 1100 1300 1500 Mean 1100 1300 1500 Mean 1100 1300 1500 Mean Mean

600 72.6 84.4 84.5 80.5 77.9 84.5 84.3 82.2 80.7 87.5 86.8 85.0 82.6
950 90.6 102.0 108.7 100.4 94.1 104.1 109.4 102.5 99.5 109.7 112.0 107.1 103.4

1300 92.1 108.0 11-7.8 106.0 101.7 120.6 119.3 113.9 113.8 123.0 124.2 120.3 113.4

1650 95.7 116.5 135.0 115.8 106.9 129.7 135.8 124.1 120.8 137.6 147.0 135.2 125.0

Mean 87.8 102.8 111.5 100.7 95.2 109.8 112.2 105.7 103.7 114.5 117.5 111.9 106.1

in Table 2 that all the sources of variation except for "Thigh-angles x
Subjects" was found to be significant at less than the 1% level of con-
fidence. The first- and second-order interactions with "Subjects" should
not be surprising since there were large individual differences in absolute
strength, and the relative advantages of the various foot- rest positions
should be influenced greatly by the forces applied to the handle. This
interpretation is supported by the fact that all the second-order inter-
actions proved to be non-significant when the data were transformed in
such a manner as to reduce differences in absolute output among the
subjects. The F-ratio for the two significant first-order interactions
containing "Subjects" were not substantially changed by the transformation,
but they remained at comparatively low levels. This remaining signifi-

cance probably reflects a residual difference in motivation of the subjects.
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TABLE 2

ANALYSIS OF VARIANCE OF DATA ON STRENGTH OF HAND PULL AT
NINE FOOT-REST POSITIONS FOR FOUR ELBOW-ANGLES

Source of Sum of Mean Error
Variation Squares df Square F Term

(1) Thigh-Angles (T) 8,338.56 2 4,169.28 65.91k 7

(2) Knee-Angles (K) 23,497.53 2 11,748.76 64.68* 9
(3) Elbow-Angles (E) 96,092.25 3 32,030.75 117.70* 10

(4) Subjects (S) 80,036.67 10 8,003.67 42.89* 7.9,10
(5) T x K 1,277.12 4 319.28 5.01" 12

(6) T x E 2,418.92 6 403.15 9.06* 14
(7) T x S 1,265.17 20 63.26 1.21 12.14

(8) K x E 4,805.46 6 800.91 11.75* 13
(9) K x S 3,632.86 20 181.64 2.74* 12,13

(10) E x S 8,164.37 30 272.14 4.83* 13,14
(11) T x K x E 553.25 12 46.10 22.82" 15

(12) T x K x S 2,549.34 40 63.73 31.55* 15
(13) K x E x S 4,090.86 60 68.18 33.75* 15
(14) T x Ef S 2,671.16 60 44.52 22.04* 15
(15) T x K x E x S 242.88 120 2.02

(16) Total 239,634.40 395

*Significant at the .01 level of confidence.

The transformation consisted of dividing each subject's scores by his
output at the most favorable combination of elbow-angle and foot-rest
position. These converted scores may be called 'percentage-of-
maximum" scores. The subsequent discussion is in terms of the raw
scores rather than the transformed scores.

It is shown in Table 2 that the thigh-angle had a significant effect
on the output of the subjects. Table 1 and Figure 1 show that the strength
of the movement increased as the angle increased. The mean output was
100. 7 pounds at the 0' thigh-angle, 105. 7 pounds at the 100 angle, and
111. 9 pounds at 20'. These differences are small, though highly uniform.
An examination of the performance of the individual subjects at the three
thigh-angles revealed that in every instance an increased thigh-angle re-
sulted in an increase in output. It should be noted, however, that 'Thigh-
angles" interacted significantly with both '"Knee-angles" and 'Elbow-angles.
The data in Figure 1 show that at every knee-angle an increase in thigh-
angle resulted in an increased output, but the amount of increase was de-
pendent on the knee-angle. At the most favorable knee-angle (150') the
thigh position had less effect on output than it did at the least favorable
knee-angle (1100). The difference between the strength of pulls at the
200 and 0° thigh-angles was 15.9 pounds at the 1100 knee-angle, but only
6.0 pounds at the 1500 knee-angle. Despite this slight effect of thigh-

angle on output at the 1500 knee-angle, every subject had a greater output
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Fig. 1. Strength of hand pull with the thigh at three angles
from the horizontal and with the knee at three angles.

at the 20 ° thigh-angle than at 00. Thus, within the limits tested in this
study, it may be stated that the greater the knee-angle--and the farther
the foot-rest from the subject--the less important becomes the thigh
position.

The reduced effect of thigh-angle on output at the greatest knee-
angle suggests that, in general, even at the 0 0 thigh-angle the legs can
generate almost all the force needed to support the hand action, and
that further increase in leg strength introduced by increasing the thigh-
angle would have only a slight effect on the hand strength., If this were
true then at the best knee-angle ('1500) there should be a smaller dif-
ference between the measured strengths at the 0* and 20 ° thigh-angles
at the 600 elbow-angle than at the 165 ° angle. That is to say, the effect
of the thigh-angle on output should increase as a greater demand is
placed on the legs to generate forces to counteract those developed by
the arm. From Table 1 it may be seen that when the knee-angle was
1500. and the elbow-angle was 600 there was only a 2. 3 pounds difference
between outputs at the 0* and 20 ° thigh-angles. However, at the same
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knee-angle, but with the elbow-angle at 1650, there was a 12.0 pounds
difference in the strength of pulls at the 00 and 200 thigh-angles. A

comparison of the differences in outputs at the 0* and 200 thigh-angles

revealed that for 9 of 11 subjects the effect of the thigh-angle on output

was greater at the 1650 elbow-angle than at the 600 angle. A one-tailed

statistical sign test showed that this departure from chance was signifi-

cant at the 5% level of confidence. These findings help to explain the
significant F-ratio for the "Thigh-angles" x "Knee-angles" x "Elbow-
angles" interaction shown in Table 2.

The interaction between "Thigh-angles" and "Elbow-angles" is

shown in Figure 2. Here it may be seen that at all elbow-angles an
increase in thigh-angle resulted in an increased output, but that the

amount of increase was dependent upon the elbow-angle. The difference

between the means at the 200 and 0' thigh-angles was 4. 5 pounds at the

600 elbow-angle, 6.7 pounds at 950, 14. 3 pounds at 1300, and 19.4
pounds at 1650. Again, it is evident that the greater the strength of
hand pull, the more important becomes the foot-rest position, but even

at the handle position at which the movement is weakest the foot-rest
position is important. Even at the 600 elbow-angle, 10 of the subjects
performed better when the thigh-angle was at 200 than when it was at 00.

160

140
-J

120

I- "' 1300.__.,
_... ..... _.- - - ---

I00

I-

U)

80 . - .......

60 I
0 100 200

THIGH ANGLF

Fig. 2. Strength of hand pull with the thigh at three angles

from the horizontal and with the elbow at four angles.
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In Table 2 it is shown that the knee-angle had a statistically sig-
nificant effect on the strength of the hand movement. The mean output
was 95.6 pounds at the 1100 knee-angle, 109.0 pounds at 1300, and
113.7 pounds at 1500. It should be kept in mind, however, that this
effect was found to be dependent upon both the thigh and elbow positions.
It may be seen in Figure 3 that the effect of the knee position on output
tended to decrease as the thigh-angle increased. The difference be-
tween the output at the 1100 and 1509 knee-angles was 23.7 pounds at
the 0* thigh-angle, 17.0 pounds at the 100 thigh-angle, and 8. 2 pounds
at the 200 thigh-angle. Though the effect of knee-angle on output was
quite small in the latter instance, all subjects showed a greater output
at 1500 knee-angle than at 1100.

160

S140

_J
00.. 120-

U,

0

Z 10010

100

80

60 '
110 0 130 0 150 0

KNEE ANGLE

Fig. 3. Strength of hand pull with the knee at three angles and with
* the thigh at three angles from the horizontal.
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As shown in Figure 4, the effect of the knee position on output was
quite different at the four elbow-angles. The increase in output as the
knee-angle increased from 1100 to 1500 was 8.1 pounds at 600 elbow-
angle, 15.3 pounds at 950, 17.9 pounds at 1300, and 31.5 pounds at 1650.
Thus, it may be stated that the greater the elbow-angle - - and the greater
the output of the subject-- the more critical becomes the foot-rest po-
sition. At the 60' elbow-angle, 9 of the 11 subjects had a greater output
at the 1500 knee-angle than at the 1100 knee-angle. A one-tailed statis-
tical sign test showed that this r of 2 was significant at the 5% level of
confidence. At the other elbow-angles, any increase in knee-angle
resulted in an increased strength of pull for all subjects.

The analysis of variance shows that the elbow position had a greater
effect on the strength of the response than did any of the other variables.
In Table 1 it is shown that the output increased from 82. 6 pounds at the
600 elbow-angle to 125. 0 pounds at the 1650 position. It should be noted,
however, that this effect was dependent upon both thigh and knee positions.
Since these interactions have already been examined, no further elabo-
ration is necessary.

160

140OvO

,J 20--

00 .- " --. . . ......
z

60I
100 13 0 =  1500

KNEE ANGLE

Fig. 4. Strength of hand pull with the knee at three angles and
with the elbow at four angles.
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IV. DISCUSSION

These results are understandable in terms of the findings of Hugh-
Jones (7), who reported an increase in the strength of leg extension
with an increase of thigh- or knee-angle. The similarity in these two
sets of data lends support to the hypothesis that the strength of this hand
movement is dependent upon the stabilizing force developed by the legs.
The Hugh-Jones data are shown in Figure 5. The solid curves were
drawn from these data and the points connected by the dashed curves
were obtained by interpolation or extrapolation. Only the upper two
points of the curve for the Z0 ° thigh-angle were obtained by extrapolation.
These derived values and their ranks are shown below.

------- KNEE ANGLE-------

Thigh Angle 1100 1300 1500

00 105(9) 178(7) 341(4)
100 130(8) 249(5) 470(Z)
200 184(6) 384(3) 742(1)

0 1,000-

800-
U)

0 z I I I

u 600 8

III

X 400- (/

W 200-

160d 0d

1-10 a Ilimiting 
angle"

60 8r 1000 120 1400 160 1800
KNEE ANGLE

Fig. 5. Mean maximum push on a foot-pedal placed in different po-
sitions that allowed different degrees of knee-extension for several
different angles of the thigh to the horizontal. Solid curves drawn

* from data obtained by Hugh-Jones (7).



A comparison of the ranks for the estimated maximum strength of
foot push with the ranks for hand pull at the same foot-rest positions
yielded rank-difference coefficients as follows: .762 for the 600 elbow-
angle, .967 for the 950 elbow-angle, .950 for the 1300 elbow-angle, and
. 997 for the 1650 elbow-angle. The first correlation is significant at
the 5% level of confidence, and the others are significant at the 1% level.
In interpreting these correlations it should be kept in mind that the data
were from two different groups of randomly selected subjects, and not
from a single group measured twice, as is the usual case. The Hugh-
Jones study merely provided the criteria with which the results of the
present study were compared. The comparatively low correlation
obtained for the 600 elbow-angle data reflects the reduced need for
stabilization of the body at the lower levels of output by the hand.

There are two factors to be considered in explaining the effects
of foot-rest position on the maximum strength of pull by the hand; the
effect of knee-angle on the maximum force developed by the legs, and
the effect of foot-rest position on the direction of application of the leg
force to the supporting structure. Hugh-Jones has demonstrated that
the leg must act as a mechanical toggle between the foot-rest and the
back-rest. In his formulation the strength of leg extension equals the
power of the quadriceps, which may be taken as a constant, times one-
half the tangent of one-half the knee-angle. This formula generates a
postively accelerated output curve which reaches an ordinate of infinity
at 1800 knee-angle. Thus, as the knee-angle increases the legs can
generate a greater force to counteract the tendency of pulling oneself
out of the seat when pulling on the handle, and the strength of hand pull
should increase. When the foot-rest is in a low position and the operator
forcibly extends his legs, there is a tendency for the body to rise in
the seat and much of the force generated by the legs is lost. As the foot-
rest is raised this tendency decreases and a greater proportion of the
force developed by the legs can be used to counteract the hand force.
Thus, it would seem that the usable power generated by the toggle-action
of the leg is reduced by the cosine of the angle between the horizontal
and the line connecting the foot and hip. It should be noted that this angle
is increased either by straightening the leg, or by raising the thigh.
The increase in this angle is approximately the same for a 10' incre-ase
in thigh-angle as for a 20' increase in knee-angle. Thus, an increase
in knee-angle increases the efficiency of the toggle and reduces the angle
of application of the leg force, while an increase in thigh-angle results
only in a decrease in the angle of application of force. This may
account for the fact that the knee-angle had a greater effect on hand
strength than did the thigh-angle.
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So far no mention has been made of the effect of foot-rest position
on the utilization of body dead weight in generating forces which aid hand
pull. At some foot-rest positions--particularly the lower ones in which
the subject's weight is transferred to the foot-rest during exertion--this
factor must be appreciable, while at other foot-rest positions it must be
negligible. If a determination could be made of the distribution of body
mass at the two contact points--the seat and foot-rest--the contribution
of this factor to the measured output could be evaluated. A general treat-
ment of the effect of body mass on certain control forces has been pre-
sented by Gaughran and Dempster (5). With a measurement of the forces
exerted on the supporting structure it would be possible to make a com-
plete analysis of the force system involved in exerting pressure on a
control.

V. SUMMARY AND CONCLUSIONS

The purpose of this investigation was to determine the effect of
foot-rest position on the strength of horizontal pull by the hand. Three
thigh-angles (00, 100, and ZOO) were combined factorially with three
knee-angles (1100, 130', and 1500) to produce nine foot-rest positions.

* At each position the peak strength of the hand movement was determined
at four elbow-angles (600, 950, 1300, and 1650). Thus, there was a
total of 36 experimental conditions under which each of the eleven subjects
was observed.

The results were consistent with the hypothesis that the strength
of hand pull is proportional to the stabilizing force developed by the legs
in pushing against the foot- rest. This follows from the observation that
those conditions which optimize the strength of leg extension are also
the ones which optimize the strength of hand pull. The main results of
the investigation were as follows:

1. The thigh-angle had a significant effect on the strength of hand
pull. This influence was small, but for every subject an increase in
thigh-angle resulted in an increase in output.

Z. The effect of thigh-angle on output was somewhat different at
the three knee-angles. As the knee-angle increased the thigh elevation
had a diminishing influence on output.

3. The influence of thigh-angle on the strength of the movement
was also dependent on the elbow-angle. The higher elevation of the thigh
became increasingly favorable as the arm was straightened and the out-
put level increased.
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4. The knee-angle had a greater influence on output than did the
thigh-angle. As the leg was straightened there was an increase in the
force of the hand movement.

5. The increment in output as the leg was straightened increased
as the elbow-angle increased.
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APPENDIX

The raw data expressed in terms of pounds of force were trans-
formed in such a manner as to reduce individual differences in absolute
strength. This transformation consisted of dividing each subject's
strength of pull at each position by his output at the most favorable com-
bination of leg position and elbow-angle. These data were analyzed by
the method of orthogonal polynomials. The results of the analysis of
variance are shown in Table 1. The residual is composed of all inter-
actions containing "Subjects" as a term. The complete analysis is not

TABLE I

THE ANALYSIS OF VARIANCE OF THE PERCENTAGE OF MAXIMUM DATA BY METHOD
OF ORTHOGONAL POLYNOMIALS SHOWING ONLY THE MAIN EFFECTS AND THEIR

INTERACTIONS PLUS THE SIGNIFICANT COMPONENTS OF THE CURVES

Source of Sum of Mean
Variation Squares df Square F

Thigh- Angles (T) 3,618.47 2 1,809.24 57.86*
Linear 3,608.24 1 ..... 115.39*
Knee-Angles (K) 10,371.65 2 5,185.52 165.84*
Linear 9,672.74 1 ..... 309.33*

Quadratic 698.91 1 ..... 22.35*

Elbow-Angles (E) 42,259.63 3 14,086.54 450.48*

Linear 40,954.55 1 1,309.71

Quadratic 961.33 1 30.74*

Cubic 343.75 1 ..... 10.99*
Interaction: T x K 542.51 4 135.63 4.34*

Linear x Linear 455.05 1 ..... 14.55*

Interaction: T x E 1,052.35 6 175.39 5.61*
Linear x Linear 981.09 1 31.37*
Interaction: K x E 2,049.41 6 341.57 10.92*
Linear x Linear 1,862.59 1 ..... 59.56*
Interaction: T x K x E 260.24 12 21.69 % ...

Between Subjects 10,000.09 10 1,000.01 31.98*

Residual 11,059.84 350 31.60

TOTAL 81,214.19 395

Pooled Error
(Residual + T x K x E) 11,320.08 362 31.27

*Significant at less than 1% level of confidence

shown since it is rather lengthy. Only the main effects and their inter-
actions plus the significant curve-fittings are shown. The statistically
significant sources of variation were selected and their coefficients were
derived by the method illustrated by Caldwell (3). From Table 1 it
may be seen that the empirical equation must include the mean of
the obtained data (Y - 70. 8); a term for the linear component of "Thigh
angles"; linear and quadratic terms for "Knee-Angles"; linear, quadratic,



and cubic terms for 'Elbow-angle"; a linear x linear term for the inter-
action between 'Thigh-angles" and 'Knee-angles"; a linear x linear term
for the interaction between 'Thigh-angles" and "Elbow-angles"; and a
linear x linear term for the interaction between 'Knee-angles" and "Elbow-
angles." Thus the equation must take the form:

Y +A(T O-T) +B(K-) + [K- 2  
- .67] +

+ E[(35 1. 25] + Ff 35 35 1.25 0)83
T - T T 3- E-E K- . 25] -E

In the above equation T, K, and E refer to the mean positions of
the thigh, knee, and elbow, respectively. In this study T equaled 100
K equaled 1300, and E equaled 112. 5. The demonimators 10, 20, and
35 in the equation indicate the sizes of the steps betweenadjacentpositions
of the thigh, knee, and elbow, in the order given.

The equation, with the proper coefficients, may now be written:

A I K- 12 - 6
Y = 70.8 + 3.7( 1 0I ) + 6.1( 20 ) 2 8 [(K 2 0 - .67

E - 112.5) E -3112.5)2 rE - 112.5

35 3511 ") _. ( 00 -305

[(E 112. 5)2 -1.25] - 0. 8 (E -l12.5 . UT - l0- K- 130)35 35 J 10 20
1.7.T -10 XE- 112. 5) + 2. 4(K -013 0 x E - 112'5

t10 35 20 35

This equation may be reduced to the following algebraic equivalent:

A
Y = .864T + 1.820K + .06E - .007K 2 - .0013E 2 - .008TK

+ . 00485TE + . 00342KE - 87. 51

The cubic term for "Elbow-angles" was dropped in the simplified
equation because, though statistically significant, it added little to the
predicted output. At the extreme arm positions this term added only
± .4% to the value of .

2



0
The simplified equation may be used to "predict" the output of an

operator at any combination of thigh-angle, knee-angle, and elbow-angle,

within the limits employed in this study. The primary usefulness for

the equation should be in determining the relative advantages of various

foot-rest positions. Other design considerations may necessitate placing

a foot- rest in something other than its most favorable position, and the

formula may be used to estimate the loss in output resulting from em-

ploying a secondary foot-rest position.

3

3



0
DISTRIBUTION LIST OF USAMRL REPORTS

Project No. 6X95-25-001 Psychophysiological Studies

No. of AGENCY - DEFENSE
Copies

10 Armed Services Technical Information Agency, Arlington Hall Sta., Arlington 12, Virginia

AGENCY - US ARMY

1 Aberdeen Proving Ground, US Army Ordnance, Human Engineering Laboratory, Aberdeen Proving
Ground, Maryland, Attn: Dr. J. D. Weisz

1 Adjutant General, Department of the Army, Washington 25, D. C. Attn: AGTL

6 Armed Forces Institute of Pathology, 6825 16th Street, N.W., Washington 25, D. C.

6 Army Attache, Box 79, Navy 100 Fleet Post Office, New York, New York, Attn: John C.
Cressler, Asst Army Attache (Medical)

1 Brooke Army Medical Center, US Army Surgical Research Unit, Library, Building 2653,
Fort Sam Houston, Texas

1 Brooke Army Medical Center, Army Medical Service School, Fort Sam Houston, Texas,
Attn: Publication Section

1 Brooke General Hospital, Medical Library, Box 151, Fort Sam Houston, Texas

5 Brooke General Hospital, Radioisotope Clinic, Brooke Army Medical Center, Fort Sam
Houston, Texas

1 Brooke General Hospital, Radioisotope Section, Brooke Army Medical Center, Fort Sam
Hous ton, Texas

1 Chief Chemical Corps, Department of the Army, Washington 25, D. C. Attn: DCCml0/SA

1 Chief of Ordnance, CiDTB, Washington 25, D. C. Attn: Research and Spec Project Section

1 Chief of Research and Development, Human Factors Research Division, Army Research Office,
Room 3D-442, The Pentagon, Washington 25, D. C.

1 Chief of Research and Development, Army Research Office, Department of the Army, Washington
25, D. C. Attn: F. E. Quimby, Chief of Life Sciences Division

1 Chief of Research and Development, Department of the Army, Room 3D-442, Washington 25, D. C.
Attn: Lt Colonel James B. Hartgering, Life Sciences Division, Army Research Office

1 Chief Research and Development, Department of the Army, Army Research Office, Washington
25, D. C. Attn: Scientific Information Branch

1 Chief Research and Development Command, Department of the Army, Main Navy Building,
Washington 25, D. C. Attn: Colonel Charles W. Hill, NBC, NP & PP Research Branch

1 Fitzsimons General Hospital, US Army Medical Research and Nutrition Laboratory,
Denver 30, Colorado

1 Fitzsimons General Hospital, Medical Technical Library, Denver 30, Colorado

1 Lettermen General Hospital, Medical Library, San Francisco, California

1 Madigan General Hospital, Medical Library, Tacoma, Washington

1 Picatinny Arsenal, Dover, New Jersey, Attn: CdDBB-TD1O

1 Quartermaster Food and Container Institute, Library Branch, 1819 W. Pershing Road,
Chicago 9, Illinois

1 Quartermaster Research and Engineering, Field Evaluation Agency, Fort Lee, Virginia,
Attn: Technical Library

2 Quartermaster Research and Engineering Center, Natick, Massachusetts, Attn: Technical
Library

1 Redstone Arsenal, Redstone Arsenal, Alabama, Attn: ORDDW-SSI

2 Surgeon General, Department of the Army, Professional Division, Washington 25, D. C.
Attn: Chief, Psychiatry and Neurology Consultant

2 US Army Chemical Warfare Laboratories, Directorate of Medical Research, Army Chemical
Center. Maryland

1 US Army Chemical Corps Research and Development Command, US Army Biological Warfare
Laboratories, Fort Detrick, Maryland, Attn: Technical Library Branch, Documents Room

1 US Army Command and General Staff College, Fort Leavenworth, Kansas, Attn: Archives

3 US Army Engineer Research and Development Laboratories, Fort Belvoir, Virginia,

Attn: Technical Documents Center

1 US Army Environmental Health Laboratory, Army Chemical Center, Maryland



No. of US ARMY CONTINUED

Copies

10 US Army Europe. Medical Division, APO 403, New York, New York

1 US Army Medical Command, Japan, Medical General Laboratory (406) APO 343, San Francisco,
California

2 US Army Liaison Group, Project Michigan, Willow Run Laboratories, Ypsilanti, Michigan

2 US Army Medical Liaison Branch, Office of the Chief Surgeon, Box 503, Balboa Heights,
Canal Zone

3 US Army Medical Research and Development Command, Commanding General, Main Navy Building,
Washington 25, D. C.

1 US Army Medical Research Unit, Institute of Medical Research, Kuala Lumpur, Malaya

1 US Army Ordnance Arsenal, Frankford, Philadelphia 37, Pennsylvania, Attn: Human Factors
Section 1'734

1 US Army Ordnance Arsenal, Frankford, Philadelphia 37, Pennsylvania, Attn: Test and
Evaluation Branch 1730/230

1 US Army Ordnance Arsenal, Frankford, Philadelphia 37, Pennsylvania, Attn: A. Charles
Karr. CRDBA-1'735

2 US Army Ordnance Tank Automotive Command, Detroit Arsenal, Center Line, Michigan,
Attn: RDMC- REO

1 US Army Pacific, APO 958, San Francisco, California, Attn: Surgeon

1 US Army Standardization Group, Canada, Office for the Senior Standardization Representative,
c/o Directorate of Equipment Policy, Canadian Army Headquarters, Ottawa, Canada,
Attn: Colonel Joseph R. Blair, MC, Medical Liaison Officer

2 US Army Transportation Research and Engineering Command, Fort Eustis, Virginia, Attn:
Chief Technical Information Division

2 US Army Tropical Research Medical Laboratory, APO, 851, New York, New York
1 US Continental Army Command, Medical Section, Fort Monroe, Virginia

2 US Army Air Defense, Human Research Unit, Fort Bliss, Texas, Attn: Library
2 US Army Armor Human Research Unit, Director of Research, Fort Knox, Kentucky, Attn:

Library

1 US Army Infantry, Human Research Unit, Director of Research, P. 0. Box 2086, Fort Benning,
Georgia, Attn: Library

1 US Army Leadership, Human Research Unit, P. 0. Box 787, Presidio of Monterey, California,
Attn: Library

I Valley Forge General Hospital, Phoenixville, Pennsylvania, Attn: Medical Library

2 Walter Reed Army Medical Center, Army Audiology and Speech Center, Walter Reed General
Hnspital, Washington 12, D. C. Attn: Major James P. Albrite, M,

1 Walter Reed Army Institute of Research, Office of the Director, Division of Neuro-
psychiatry, Washington 12, D. C.

1 Walter Reed Army Institute of Research, Department of Atomic Casualties Studies, Walter
Reed Army Medical Center, Washington 12, D. C.

5 Walter Reed Army Institute of Research, Office of the Director, Walter Reed Army Medical
Center, Washington 12, D. C

1 Walter Reed Army Institute of Research, Walter Reed Army Medical Center, Washington 12,
D. C. Attn: Paul S. Marshall, Adjutant

1 Walter Reed Army Institute of Research, Walter Reed Army Medical Center, Washington 12,
D. C. Attn: Dr. Stanley W. Weitzner

1 Walter Reed Army Medical Center, US Army Medical Services, Historical Unit, Washington
12, D. C. Attn: Lucy W. Lazarou, Chief, General Reference and Research Branch

1 Watervliet Arsenal ORDEF.R Technical Library, Watervliet, New York

AGENCY US NAVY

1 Bureau of Aeronautics (AE-14), Department of the Navy, Washington 25, D. C.

2 Bureau of Medicine and Surgery, Research Division (71), Department of the Navy
Washington 25, D. C.

1 Bureau of Chief Naval Operations (Op03EG) Operations Evaluation Group, Navy Department,
Washington 25, D. C.

1 Bureau of Naval Weapons, (RAAE-14), Department of the Navy, Washington 25, D. C.
1 Bureau of Ships, Physics and Oceanography Branch, Main Navy Building, 18th and Constitutiom

Avenue, Washington 25, D. C. w



No. of US NAVY - CONTINUED
Copies

1 Marine Corps Educational Center. Archives and Historical Group. Marine Corps Schools,
Quantico, Virginia

2 Naval Air Crew Equipment Laboratory, Naval Air Material Center, Philadelphia 12, Pa

1 Naval Air Engineering Facility, Naval Air Material Center, Philadelphia, 12, Pa.
Attn: Technical Library

1 Naval Medical Field Research Laboratory, Camp Lejeune, North Carolina, Attn: Library
1 Naval Medical Research Institute, Technical Reference Library, National Naval Medical

Center, Bethesda 14, Maryland
1 Office of Naval Research (Code 454) Department of the Navy, Washington 25, D. C.

1 Office of Naval Research (Code 408) Special Assistant for Medical and Allied Sciences,
Department of the Navy, Washington 25, D. C.

10 Office of Naval Research Branch Office. Navy 100, Box 39, Fleet Post Office, New York,
New York, Attn: Victoria S. Griswold, Head, Documents and Technical Information Br

1 US Naval Air Development Center, Aviation Medical Acceleration Laboratory, Johnsville,
Pennsylvania, Attn: Library

1 US Naval Air Development Center, Aeronautical Instrument Laboratory, Johnsville.
Pennsylvania, Attn: E. M. Hudson, Simulation Branch

1 US Naval Air Station, Chief of Naval Air Technical Training, Memphis 75, Tennessee,
Attn: Staff Medical Officer

1 US Naval Civil Engineering Laboratory, Commanding Officer and Director (Code 131)
Port Hueneme, California

1 US Naval Medical Research Laboratory, Box 100, US Naval Submarine Base, New London,
Connecticut. Attn: Technical Information Section (Library)

2 US Naval Medical School, National Naval Medical Center. Bethesda 14. Maryland

2 US Naval Missile Center, Point Mgu, California. Attn: Librarian, Code 21211

1 US Naval Radiological Defense Laboratory, Commanding Officer and Director (222). San
Francisco 24, California, Attn: Library Branch

1 US Naval Research Laboratory, Technical Information Division, Code 2027. Washington 25,
D. C. Attn: Director

1 US Naval Research Laboratory. Washington 25, D. C. Attn: Dr. F. V. Taylor, Code 5120

1 US Naval School of Aviation Medicine, US Naval Aviation Medical Center, Pensacola, Florida,
Attn: Director of Research

1 US Naval School of Aviation Medicine, US Naval Aviation Medical Center-54, Department
of Psychology, Pensacola, Florida

2 US Naval School of Aviation Medicine, US Naval Aviation Medical Center, Pensacola, Florida,

1 US Naval Training Device Center, Human Engineering Department, Port Washington, New York,
New York, Attn: Chief Psychologist

1 US Naval Training Device Center, Code 320, Port Washington, New York

1 US Naval Weapons Plant, Experimental Diving Unit, Washington 25, D. C.

1 US Naval Medical Neuropsychiatric Research Unit, San Diego 52, California

AGENCY - AIR FORCE

1 Air Force Flight Test Center, (F IEH) Edwards Air Force Base, California, Attn: Lt
Colonel Burt Rowen, USAF, (MC)

AIR RESEARCH AND DEVELCPM!qT COMMAND
1 Air Research and Development Command, US Air Force, (RDSPC-LS), Andrews Air Force Base,

Washington 25, D. C.

1 Air Research and Development Command. Air Force Office of Scientific Research, Washington
25. D. C. Attn: SRU

3 Air Research and Development Command, Air Force Cambridge Research Center, laurence
G. Hanscom Field, Bedford. Massachusetts, Attn: CRES

3 Air Research and Development Command. Air Force Cambridge Research Center, Operational
Application Laboratory, (CRE), Laurence G. Hanscom Field, Bedford, Massachusetts

3 Wright Air Development Center, Wright-Patterson Air Force Base, Chio, Attn: Dr von
Gierke, WCLDBN



0
No. of AIR FORCE - CONTINUED
Copies

AIR RESEARCH AND EEVELOFENT CC4MND C rINUED

2 Wright Air Development Center, (WCLDOR) Wright-Patterson Air Force Base, Ohio,
Attn: Aerospace Medical Laboratory

1 Wright Air Development Center, Wright-Patterson Air Force Base, Ohio, Attn: WCIDAT-
Library

1 Wright Air Development Center, US Air Force, Wright- Patterson Air Force Base, Ohio,
Attn: Capt. D. G. Pitts, Vision Section

1 Air Proving Ground Center, Air Research and Development Command, US Air Force, Eglin
Air Force Base, Florida

2 Air Training Command, Office of the Surgeon, Randolph Air Force Base, Texas

1 Arctic Aeromedical Laboratory, APO '731, Seattle, Washington, Attn: Librarian

1 Assistant for Ground Safety, DICS, US Air Force, Washington 25, D. C.

I Human Factors Representative, CAL, Ent Air Force Base, Box 151, Colorado Springs, Colorado

1 Human Factors Division, US Air Force, Director of Research and Development, Washington
25, D. C. Attn: Charles H. Roadman, Colonel, USAF, (MC)

1 Langley Research Center, National Aeronautics and Space Administration, Langley Field,
Virginia, Attn: Mrs Elizabeth R. Gilman, Librarian

I Rome Air Development Center, (RCSH) Griffiss Air Froce Base, New York

2 US Air Force Aerospace Medical Center, (ATC), School of Aviation Medicine, Brooks Air
Force Base, Texas, Attn: (SAM-41.2)

I US Air Force Hospital, Lackland, US Air Force, Aerospace Medical Center, (ATC), Lackland
Air Force Base, Texas, Attn: Medical Library

I US Air Force. Strategic Air Command, Office of the Surgeon, Offutt Air Force Base,
Nebraska

GOVERNMENTAL - AGENCIES

I Argonne National Laboratory, P.O. Box 299, Lemont, Illinois, Attn: Hoylande D. Young

1 Central Intelligence Agency, 2430 E. Street, N.W., Washington, D. C. Attn: 1331 R & S
Building

I Civil Aeromedical Research Center, Aeronautical Center, P.O. Box 1082, Oklahoma City,
Oklahoma

1 Library of Congress, Science and Technology Division, Washington 25, D. C. Attn: Dr.
A. J. Jacobius

I National Institutes of Health, Library, Bethesda 14, Maryland

1 National Institutes of Health, Division of Research Grants, Bethesda 14, Maryland

1 National Library of Medicine, 7th Street and Independence Ave, S.W., Washington 25, D. C.

2 National Research Council, Medical Records, Division of Medical Sciences, 2101 Consti.
tution Avenue, Washington 25, D. C.

1 Prosthetic and Sensory Aids Service, Chief, Research and Development Division, Veterans
Administration, 252 Seventh Avenue, New York 1, New York, Attn: Eugene F. Murphy, Ph.D.

OTHER AGENCIES

1 Arctic Health Research Center, Library, P.O. Box 960 , Anchorage, Alaska
1 Boeing Airplane Company, Central Medical Library, 11"40, P.O. Box 3707, Seattle 24,

Washington

1 Boeing Airplane Company, Library, Wichita Division, Wichita 1, Kansas

2 BoeinqgAirplane Company, Aerospace Division,Seattle 24, Washington, Attn: Dr. Romney
H. Lowry, Biosciences Section

1 Chrysler Corporation, Engineering Research, Department 921, Box 1118, Detroit 31. Michigan
Attn: John Versace, Engineering Psychologist

1 Electric Boat, Division of General Dynamics Corporation, Groton, Connecticut, Attn:
Mr. William J. King, Human Factors Section

2 Ford Motor Company, Department 2240, Box 2053, Dearborn, Michigan

I General Electric Company, Defense Electronics Division, Advanced Electronics Center,
Ithaca, New York, Library 0



0
No. of OTHER AGENCIES - CONTINUED
Copies

1 General Electric Company, Technical Military Planning Operation, 735 State Street, Santa
Barbara, California

1 John Crerar Library, 86 East Randolph Street. Chicago 1. Illinois
1 Kings County Hospital, Department of Anesthesiology, Brooklyn, New York, Attn: Dr.

Stanley W. Weitzner

1 Lankenau Hospital, Lancaster and City Line Avenues, Philadelphia 31, Pennsylvania,
Attn: Dr. Steven M. Horvath, Division of Research

1 Mayo Clinic, Rochester, Minnesota, Attn: Dr. Kenneth N Ogle, Section of Biophysics
1 Mead Johnson and Company, Medical Department. 2404 Pennsylvania Street, Evansville 21,

Indiana
1 Mercy Hospital, Anesthesia Department, Research Laboratory, Locust and Pride Streets,

Pittsburgh 19, Pennsylvania

1 Motorola Incorporated, Systems Research Laboratory, Library, 8330 Indiana Avenue,
Riverside, California

7 National Aeronautics and Space Administration, 1520 H. Street, N.W., Washington 25, D. C.
Attn: Bertram A. Mulcahy, Director of Technical Information

1 Psychological Abstracts, 1945 No. High Street, Columbus 10, Ohio

1 Space Technology Laboratories Inc, Information Services, Document Acquisition Group,
P.O. Box 590001, Los Angeles 45, California

1 Sensory Biophysics Group, Pattern Recognition Department, IBM Research Center, Box 218,
Yorktown Heights, New York

1 Rand Corporation, 1700 Main Street, Santa Monica, California, Attn: Library

2 Rheem Manufacturing Company, Electronics Division, 4361 Firestone Boulevard, South Cate.
California

MEDICAL COLLEGE/SCHOOL LIBRARIES AND DEPARTMENTS

1 Albany Medical College Library. New Scotland Avenue, Albany 8. New York
1 Antioch College, Engineering Psychology Research Project, Yellow Springs, Ohio
1 Bowman Gray School of Medicine, Winston-Salem, North Carolina, Attn: Library

1 Brown University, Department of Psychology, Providence 12, Rhode Island, Attn: Prof.
L. A. Riggs

1 Brown University, Department of Psychology, Providence 12, Rhode Island, Attn: Prof.
Harold Schlosberg, Consultant

1 Colby College, Department of Psychology, Waterville Maine, Attn: Dr. E. Parker Johnson
1 College of Medical Evangelists, White Memorial Medical Library, 1720 Brooklyn Avenue,

Los Angeles 33, California

1 College of Medical Evangelistis, Vernier Radcliffe Memorial Library, Loma Linda, California

1 College of Physicians of Philadelphia, 19 South 22nd Street, Philadelphia 3, Pennsylvania,
Attn: Library, College of Physicians of Philadelphia

1 Columbia University Medical Library. 630 West 168th Street, New York 32, New York
1 Columbia University, Department of Psychology, Perception Laboratory, New York 27, New

York, Attn: Dr. C. H. Graham

1 Cornell University Medical College, 1300 York Avenue, New York 21, New York, Attn: Library
1 Cornell University, Library, Ithaca, New York, Attn: Dr. S. A. McCarthy, Director

1 Creighton Medical Library, 302 North 14th Street, Omaha 2, Nebraska
1 Dartmouth College Medical Library, Baker, Hanover, New Hampshire

1 Florida State University, Tallahasse, Florida, Attn: W. W. Dawson, Department of
Psychology

2 Georqe Washington University. Human Resources Research Office, P.O. Box 3596, Washington
7, D. C. Attn: Library

I Harvard School of Public Health, 1 Shattuck Street, Boston 15, Massachusetts, Attn:
Dr. Albert Damon

1 Harvard Medical Library, 25 Shattuck Street, Boston 15, Massachusetts

2 Indiana University, Department of Psychology, Bloomington, Indiana, Attn: Dr. R. C.
Davis



No. of MEDICAL COLLEGE/SCHOOL LIBRARIES AND DEPARTMENTS
Copies

1 Indiana University Medical Center, School of Medicine Library, 1100 West Michigan Street,
Indianapolis 7, Indiana, Attn: Mary Jane Laatz, Librarian

I Jefferson Medical College Library, 1025 Walnut Street, Philadelphia 7, Pennsylvania

I Johns Hopkins University, Operations Research Office, 6935 Arlington Road, Bethesda,
Maryland, Washington 14, D. C. Attn: Library

1 Johns Hopkins University. Welch Medical Library, 1900 East Monument Street, Baltimore 5,
Mryland

I Marquette University, Medical-Dental Library, 560 North 16th Street, Milwaukee 3, Wisconsin

1 Medical College of Virginia, Tompkins-McCaw Library, Richmond 19, Virginia

1 New York Academy of Medicine, Library, 2 East 103rd Street, New York 29. New York

1 New York University, Bellevue Medical Center Library, 550 First Avenue, New York 16,
New York

1 New York University, College of Medicine, 550 First Avenue, New York 16, New York,
Attn: Dr. Hans-Lukas Teuber

I Northwestern University, Evanston, Illinois, Attn: Dr. William A. Hunt, Chairman,
Department of Psycho ogy

1 Northwestern University Medical School, Archibald Church Library, 303 East Chicago Avenue,
Chicago 11, Illinois

1 Ohio State University, Chemical Abstracts, Columbus 10. Ohio

1 Ohio State University Research Center, Aviation Psychology Laboratory, 1314 Kinnear Road,
Columbus 8, Ohio

1 Ohio State University, Topaz Library, School of Optometry, 338 West Tenth, Columbus 10,
Ohio,

1 Ohio State University, Columbus 10, Ohio, Attn: Glenn A. Fry, Director, School of
Optometry

1 Ohio State University, Engineering Experiment Station, Operations Research Group, 156
West 19th Avenue, Columbus 10. Ohio

1 Rush Medical College Library, 1758 West Harrison Street, Chicago 12, Illinois, Attn:
Librarian

1 St. Louis University, School of Medicine Library, 1402 South Grand Avenue, St. Louis 4,
Missouri

1 State University of Iowa, Department of Otolaryngology and Maxillofacial Surgery. Iowa
City, Iowa, Attn: Professor Scott N. Reger

1 State University of Iowa, College of Medicine Library, Medical laboratories Building,
Iowa City, Iowa

I State University of New York, Downstate Medical Center, Medical Library, 450 Clarkson
Avenue, Brooklyn 3, New York

1 Stanford University, Lane Medical Library, 300 Pastier Drive, Stanford, California

I Stanford University, Department of Physiology, Stanford, California, Attn: Dr. J. M.
Crismon

1 Texas Medical Center, Texas Medical Center Library, Jesse H. Jones Library Building,
Houston 25, Texas

2 Tufts University, Institute for Applied Experimental Psychology, Medford 55, Massachusetts,
Attn: Paul G. Ronco

1 University of AlaDama, Medical Center Library, 1919 Seventh Avenue South, Birmingham 3,
Alabama

2 University of Arkansas, Medical Center Library, 4301 West Markham, Little Rock, Arkansas

1 University of Buffalo, Medical Dental Library, Buffalo 14, New York

I University of Buffalo, Department of Psychology, Buffalo 14, New York

1 University of California Medical Center, Biomedical Library, Los Angeles 24, California

1 University of Chicago, Faculty Exchange, Box 184, Chicago 37, Illinois, Attn: W. D.
Neff, Laboratory of Physiological Psychology

1 University of Illinois, Traininq Research Laboratory, 1203 West Oregon Avenue, Urbana,
Illinois, Attn: Lawrence M. Stolurow, Ph.D.

1 University of Illinois, Department of Psychology, Urbana, Illinois, Attn: Dr. William
E. Kappauf



No. of MEDICAL COLLEGE/SCHOOL LIBRARIES AND DEPARTMENTS
Copies

1 University of Illinois, Aeromedical Laboratory, 840 South Wood Street, Chicago 12, Illinois

1 University of Illinois, Speech and Hearing Clinics, 601 E. John Street, Champaign, Illinois,
Attn: John J. O'Neill, Ph.D.

1 University of Illinois, Psychology Department, Gregory Hall, Urbana, Illinois

2 University of Illinois, Airport, Aviation Psychology laboratory. Savoy, Illinois, Attn:
laboratory Director

1 University of Kansas Medical Center, Kansas City 12, Kansas, Attn: Clendening Medical
Library

1 University of Louisville, School of Medicine, Louisville Medical Library, 101 West
Chestnut Street, Louisville 2, Kentucky

1 University of Maryland, Health Sciences Library, Iil South Greene Street, Baltimore 1.
Maryland

1 University of Miami, School of Medicine, Jackson Memorial Library, 1000 N.W. 17th Street,
Miami 36, Florida

1 University of Michigan, Serials and Documents Section, General Library, Ann Arbor, Michigan

1 University of Michigan, Department of Otolaryngology. 4506 Kresge Medical Research Bldg,
Ann Arbor, Michigan

1 University of Michigan, Operations Research Department, Ann Arbor, Michigan, Attn: Dr.
Max S. Schoeffler

1 University of Minnesota, Bio Medical Library, Gift and Exchange Department, Minneapolis
14, Minnesota

1 University of Mississippi, Medical School. Rowland Medical Library, Jackson, Mississippi

1 University of Missouri, Medical Library, Columbia, Missouri

1 University of Nebraska 42nd and Dewey Avenue, Omaha 5, Nebraska. Attn: College of
Medicine Library

1 University of North Carolina, Division of Health Affairs Library, N. C. Memorial Hospital,
Chapel Hill, North Carolina

1 University of Oklahoma Medical Center, Library, 801 N. E. 13th Street, Oklahoma City 4.
Oklahoma

1 University of Oregon Medical School Library, 3181 S. W. Sam Jackson Park Road, Portland 1.
Oregon

1 University of Pittsburgh, Graduate School of Public Health, Pittsburgh 13. Pennsylvania,
Attn: Professor Harwood S. Belding

1 University of Pittsburgh, Falk Library of the Health Profession, Pittsburgh 13,
Pennsylvania

2 University of Rochester, Department of Psychology, Rochester 20, New York, Attn:
Chairman

1 University of Southern California, School of Medicine Library, University Park, Los
Angeles 7. California

I University of Tennessee, Mooney Memorial Library, b2 S. Dunlap, Memphis 3, Tennessee

1 University of South Dakota, Medical Library, Vermillion, South Dakota

1 University of Texas, Medical Branch Library, Galveston, Texas

1 University of Texas, Radiobiological laboratory, RFD 4, Box, 189, Austin, Texas

1 University of Utah, Medical Library, Salt lake City 12. Utah

1 University of Vermont, College of Medicine Library, Burlington, Vermont

1 University of Virginia Hospital, Medical Library, Charlottesville, Virginia

1 University of Virginia, Division of Educational Research, Old Cabell Hall Basement,
Charlottesville, Virginia, Attn: Frank M. Banghart, Project Director

1 University of Virginia, School of Medicine, Psychological Laboratory, Charlottesville,
Virginia

1 University of Washington, Health Sciences Library, Seattle 5 Washington

1 University of Wisconsin Medical Library, S.M.I. Building, N. Charter Street, Madison 6,
Wisconsin

1 University of West Virginia, Medical Center Library, Morgantown, W. Virginia0



No. of FOREIGN
Copies

6 British Army and Navy Medical Liaison Officer, B.J.S.M. (Army Staff) 1800 K Street, N.W.,
Washington, D. C.

8 Canadian Liaison Officer, Officer of the Surgeon General, US Army, Room 2709, Main Navy
Building, Washington 25, D. C.

2 Defence Research Member, Canadian Joint Staff (Washington), Room 2709, Main Navy Building,
Washington 25, D. C

1 Laboratoire de Pathologie et Therapeutique, Generales, 32 Boulevard de la Constitution,
Liege, Belgique, Attn: Directeur Professeur Z. M. Bacq

I Royal Society of Medicine Library, 1, Wimpole Street W. 1. London. England

1 Karolinska Institutet, Department of Histology, Stockholm 60, Sweden, Attn: Dr. Jan
. Warsall

I University of Reading, Department of Physics, Physics Research Laboratory, 78 Upper
Redlands Road, Berks, England

0

0


